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Abstract. — Two hundred and ninety six adults, larvae, and pupae of Mi- 
crodon fuscipemiis were collected and/or reared from nests of the dolicho- 
derine ant, Iridomynne.x pndnosiis (Roger). Observations are made on the 
distribution of M. fuscipemiis in the ant nests, sex ratio (1:1), adult emer- 
gence, mating, number of eggs laid (.x = 63), larval emergence from the egg, 
and predation (third-instar fly larvae frequently eat ant larvae). Reproduc- 
tive strategies for the genus Microdon are: 1) specialist strategy — one host 
species: and 2) generalist strategy — multiple host species. The species of 
Microdon found north of Mexico and their ant-associations are listed and 
used to predict the reproductive strategy of each fly species. 



Microdons are unusual syrphid flies. The larvae and pupae are dome- 
shaped and develop in ant nests. The larvae exhibit slow, sluglike move- 
ments, a characteristic which originally caused them to be described as 
mollusks or coccids (Wheeler, 1908). As adults, microdons do not show 
typical syrphid behavior. They do not hover or visit flowers as most syr- 
phids but spend their adult lives close to the ant colonies from which they 
emerged. 

More than 350 species of Microdon are known from all zoogeographic 
regions. The diversity, greatest in the tropics (especially the Neotropics, 
174 species), tapers off rapidly towards the poles. The northern- and south- 
ernmost records for microdons in the New World are Microdon alhico/natns 
Novak from the Yukon (62*^4rN) and Microdon violaceus (Macquart) from 
Chile (37°47'S). Microdons are considered primitive because they represent 
the first offshoot on the branch which includes all other syrphids (Thomp- 
son, 1969, 1972). The phylogenetic position and biologic distinctiveness of 
microdons clearly support the recognition of the group as a separate family 
(Thompson, 1969, 1972). For pragmatic reasons, however, microdons are 
left as an aberrant subfamily of the Syrphidae. 

Early reviews on microdons (Wheeler, 1901, 1908; Donisthorpe, 1927) 
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were primarily descriptive, speculating on behavioral interactions between 
the larvae and their hosts. Andries (1912) first provided quantitative data on 
the life cycle of microdons as well as detailed descriptions of larvae, pupae, 
and adults. Greene (1955) added information on a number of AZ/c/Wo/z-ant 
associations and described larval and pupal forms. More recently, Jordan 
(1968), and van Pelt and van Pelt (1972) contributed additional biological 
data (see Table 3). Akre et al. (1973) determined the sex ratio, size mea- 
surements, number of eggs laid per female, and the number of larvae and 
pupae per colony for two color morphs of M. xanthopiiis Townsend (re- 
ported as cothurnatus). forming a sound basis for future comparative work 
on other Microdon species. 

The biology of microdons is not uniform. Akre et al. (1973) described 
only one generation per year. Microdon fuscipennis (Macquart) has at least 
two. Akre et al. (1973) also stated that microdons overwinter as third larval 
instars, yet these data indicate that this is not true for fuscipennis. 

Other unresolved questions exist. Are the microdon eggs laid in the ant 
nest or do the larvae move there? Do the microdon larvae eat the ant larvae 
and pupae? 

These questions are discussed with respect to M. fuscipennis which de- 
velops in the nests of the dolichoderine ant, Irido/nyr/nex pruinosus (Roger). 
Two alternative behavioral strategies for Microdon flies are described. Ta- 
ble 2 lists the species of Microdon found in America north of Mexico and 
their known hosts and predicts their reproductive strategy. 



Materials and Methods 



I 



I 



I 



Collection. — Microdon fuscipennis was collected primarily during the 
spring and summer near Athens, Georgia, from nests of Iridoniyrmex prui- 
nosus. Ant nests were excavated with a pen knife, Microdon fuscipennis 
larvae and pupae were placed in plastic pop-top vials for transport. Entire 
ant colonies were also transported back to the laboratory. 

Laboratory rearing. — The fly larvae were reared in plastic ant nests, ex- 
posed to natural daylight, and stocked with ant colonies dug in the field. 
The ants were maintained on honey and mealworms. Water was supplied 
by means of cotton plugs inside the nests. After the microdon larvae were 
observed eating the young ant larvae, additional ant larvae were added 
weekly to the colonies. 

As the microdon larvae grew and pupated, the pupae were removed and 
placed in vials. A wooden stick was placed in each vial allowing the teneral 
adults an elevated surface from which they could expand their wings. All 
live material was kept at 2TC. 

As the adults emerged, the pupal cases were removed from the rearing 
vials and placed in capsules. When an adult died, it was pinned along with 
I the pupal case. 



IS 
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Table 1. Quantilalive data on Micnnlon fuscipennis . 







Standard 






Mean 


Deviation 


n 


Number of St . fuscipennis larvae, pupae per 


3.45 


3.75 


84 


/. pruinosus colony 
Number of eggs laid per female 


63.5 


18.9 


15 


Sex ratio 


1:1 







Groups of approximately 30 eggs were hatched in 3 cm x 3 cm vials, 
fitted with a secure top and a 0.5 cm charcoal-plaster (1:2) bottom for hu- 
midity control. Water was occasionally added. No fungal inhibitor was 
added. Although some containers supported rich fungal growth, egg mor- 
tality was low. 

Results and Discussion 

Field data. — Innumerable ant colonies of many different species were 
excavated. Microdon fuscipennis was found only in those of /. pruinosiis. 

Eighty-four /. pruinosus (Table 1) colonies containing microdon larvae 
and pupae were excavated. Over 20 additional nests contained only empty 
pupal cases. From the 84 colonies, 149 larvae, 141 pupae, and 6 adults were 
removed (296 total), giving an average of 3.5 microdons per colony. The 
largest number of microdons per colony was 24 (11 larvae, 12 pupae, and 
1 adult). Between April and September, second and third larval instars and 
pupae could always be found in ant colonies. First-instars were also found 
from April to September, although very infrequently, perhaps because of 
their diminutive size and cryptic appearance. This suggests that A/, fusci- 
pennis reproduces all summer long. In contrast, M. xanthopilis has one 
generation per year (Akre et al., 1973). Premarked Iridomynnex nests ex- 
cavated in the winter revealed both second and third larval instars as well 
as pupae. 

Laboratory data. — Reared adults had close to a 1:1 sex ratio, true also 
for A/, xanthopilis (Akre et al., 1973). 

Mating behavior. — Virgin females readily mated when placed with one 
male in the same vial. Although some females were unreceptive to a male, 
replacement with a second or third male eventually resulted in copulation. 
If mating resulted, it usually occurred within five minutes. 

Soon after exposure to the female, the male would attempt to mount. 
Although no preliminary courtship was noted, M . fuscipennis adults emitted 
a “buzzing" sound when handled or first exposed to another individual. 
This phenomenon, common to many syrphid flies (Thompson, in lift.), was 
assumed to be defensive but may also be part of courtship. Frequently 
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several mounting attempts were made before copulation was successful. 
Mating position was similar to that described by Akre et al. (1973) for M. 
xanthopilis. The male prothoracic legs held the female's abdomen and the 
metathoracic legs were positioned on the tip of the female's abdomen. Fre- 
quently females were observed to stroke the male legs during copulation 
with her metathoracic legs. Copulation lasted from a few minutes to two 
hours. Both males and females readily mated more than once. 

Oviposition. — Although a female mated soon after emerging from the pu- 
pal case, it usually took 24 hours before she oviposited. Females released 
eggs in batches of 4-5 in the rearing vials. If a small flat stone were placed 
in the mating vials, the female probed it with her ovipositor and then de- 
posited the eggs beneath. Fifteen mated M . fiiscipennis females deposited 
925 eggs, averaging 63 eggs, with a maximum of 83 laid by one female (Table 
1). Females reared from larvae laid as many eggs as those reared from pupae 
collected in the field. Eggs were usually laid within 48 hours and the female 
died within one day thereafter. Microdon eggeri Mik (Andries, 1912) and 
M. xanthopilis laid approximately 150 eggs per female (Akre et al., 1973). 
No field observations were made on oviposition of M . fiiscipennis . 

Eggs. — Microdon fiiscipennis eggs were white, measured 0.7 mm x 1.5 
mm, and had a distinctive sculpturing. Akre et al. (1973) found the eggs of 
M. xanthopilis to be much smaller (0.3 mm x 0.7 mm). 

First larval instar. — First-instar larvae emerged through an elongated slit 
at the end of the egg between 7:00 and 9:00 AM. They were extremely 
mobile and demonstrated positive phototropism by moving toward the light 
in the rearing vial. Akre et al. (1973) observed similar behavior in A/, xan- 
thopilis and concluded that this mobility reflected a dispersal stage. This 
may be true, but it must also be noted that the problem of dessication is 
paramount for the first-instar since the surface to volume ratio is highest for 
them. Rapid movement into an ant nest would increase survival where the 
ground temperature (i.e. A/, fiiscipennis) is over 38°C. If the eggs are de- 
posited and hatch outside the ant nest, rapid movement would be imperative 
for survival. When first-instars are found in the field, they are in the depths 
of the colony. These areas have few ants, are the moistest part of the colony 
during dry periods, and have fairly constant temperature during the summer. 
Thus, this factor may have an important role in the survival of the first- 
instars in their natural environment. 

First-instars placed in ant nests had mortality rates of 90% or more. 7/7- 
doniynnex workers easily turned over the first-instar larvae and carried them 
out of the colony to the refuse piles where they desiccated and dried. If the 
colony had a surplus of food, the searching activities of the ants were di- 
minished and the first-instars were not found as frequently. Second- and 
third-instars did not appear to be killed as frequently. 

In artificial nests, the first-instar larva usually restricted its movements to 
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the moist cotton plug. The plug originally was clear of fungal growth but 
quickly became contaminated. First-instars did best in nests which had con- 
tained ants for a number of weeks prior to the introduction of the fly larvae, 
and which also had fungus-covered cotton plugs. First-instars were never 
observed eating ant larvae although they frequently moved among the young 
ant brood. 

Second and third larval instars. — Second- and third-instars were primarily 
found near the young ant brood and appeared to be less dependent on 
moisture than first-instars. In field colonies, these larvae are found just 
below the sinface where the ants move the bi'ood to take advantage of the 
optimum ground temperature. Fly larvae developed more quickly in the 
field than in the laboratory because of the higher ambient temperatures and 
a more plentiful food supply. 

In laboratory colonies, second- and third-instar larvae consumed half- 
grown ant larvae or smaller ones but never pupae. Frequently the ants would 
pull the larvae away from the microdon. Successful microdons moved up 
and over the ant larvae piercing the larval skin and emptying the body 
contents, then discarding the empty shell. A worker would promptly pick 
up the larval remains and carry it to the refuse pile. Frequently, third-instars 
were observed consuming 8-10 larvae in a 30 minute period. I have also 
observed M. ^lohosus (Fabricius) feeding on ant larvae. Similarly van Pelt 
and van Pelt (1972) reported that A/, halioptenis Loew consumed larvae of 
the myrmicine ant, Monomovium. 

Third larval instars prior to pupation occasionally released a clear brown 
fluid. Whether this fluid originated from the oral or rectal openings was not 
determined. The ants seemed to be attracted to the fluid and would consume 
it immediately. What the ants did with this fluid afterwards was not deter- 
mined. Fluid release was also observed in A/, glohosiis. 

First larval instars, source of food. — In contrast to second- and third- 
instars, first larval instars were never observed eating ant larvae. First-in- 
stars frequently moved among the young ant larvae and would probe them 
with their mouthparts but never appeared to puncture the larval skin. 

The first-instar fly larvae may obtain some form of nourishment from the 
ant larvae. Some myrmecologists (G. and J. Wheeler, personal communi- 
cation) believe that the brood of the colony represents the digestive organ 
of the colony. Ant larvae are fed masticated proteinaceous materials: these 
materials are broken down and digested by the ant larvae and by trophallaxis 
fed back to the adult workers. The probing by the first-instar larvae may 
cause the ant larvae to release a liquid food which the fly larvae consume. 
No data presently exist to support this hypothesis. 

Pupae. — Pupae were primarily found close to the suiface (2 cm or less) > 
in the larger galleries of the nest. Frequently groups of 3-4 pupae (emerged j 
and yet to emerge) were found together. In the process of excavating col- I 
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Table 2. Behavioral strategies of North American Wicrodon. 





STRATEGY 1 
Example; 

V/, fuscipennis 


STRATEGY II 
Example: 

\1. xanthophiHs 


1. Characteristics of the ant host 






a. Host 


one host species 


multiple host species 


b. Size of the host 


small species 


large species 


c. Brood production 


throughout the summer 


one generation per summer 


d. Number of queens per colony 


multiple queens 


one or multiple queens 


2. Number of generations of flies 


multiple generations 


one generation 


3. Rate of development of the fly 


fast 


slow 


larvae 






4. Food source 


ant larvae 


unknown 


5. Reproduction 


fewer eggs (ex. 62): 


many eggs (ex. 150); 




larger in size 


smaller in size 


6. Distribution 


restricted to a single 


widespread, not restricted 




host 


to a single host 



onies with no larvae, empty pupal cases were found from the previous year. 
These were packed with soil and if the soil was moist, showed various 
degrees of deterioration. 

Adult emergence. — Adult emergence from the pupal case took less than 
60 seconds and usually occurred between 7:00 and 9:00 AM. The teneral 
adults crawled to the highest object in the rearing vial and remained mo- 
tionless for 1-2 hours. Expansion of the wings rarely took more than 5-10 
minutes. During the first 1-2 hours after emergence the adult flies released 
a fecal droplet. 

Reproductive strategies of Nearctic microdons. — A compilation' of known 
information on microdon flies indicates two different reproductive strate- 
gies. Microdon fiiscipennis and A/, xanthopilis, two species for which we 
have relatively complete biological data, illustrate these different strategies 
(Table 2), 

Microdon fiiscipennis exemplifies the first strategy. Adults lay fewer eggs 
and seem to specialize on one host ant. This host is small, widely distrib- 
uted, with populous colonies, multiple queens and a large quantity of brood. 
These host colonies support on the average 3.5 microdons (i.e. A/, fiisci- 
pennis). Due to a long period of brood production, the microdon is able to 



‘ These tables should be cited as: Duffield, R. M. and F. C. Thompson, 1981, Behavioral 
strategies and ant associations of the Microdon species found north of Mexico. Tables 2 & 3 
in Duffield . . . etc. 
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lahle 3. \ficroi/on-i\nt associations for North American species north of Mexico. Subfam- 
l!le^ of ants are Forniicinae (F), Dolichoderinae (D), and Myrmicinae (M), 



Species of \licroiion 


Host Ant and Subfamily 


Repro- 

ductive 

Strategy 


Reference 


\/. iiUiHtiis Thompson 
M. iihstrusiis Thompson 


Fornik a cxsectohlcs Forel (F) 


1 

-> 


this Study 


A/, (ulventiiius Thompson 
\/. alhicofnatiis Novak 


Formica ohsciiripes Forel (F) 


1 

2 


Akre {in litt.) 


A/, aumlentus (Fabricius) 
A/, bdlioptenis Loew 


Formica fitsca L. (F) 
Monomorium minimum 


1 


this study 
van Pelt and 


M. coaniatus Loew 


(Buckley) (M) 

A phaeni aster fill v a 


1 


van Pelt, 1972 
Greene, 1955 


\/. cothurnutus Bigot 


Roger (M) 

Monomorium minimum 
(Buckley) (M) 
Formica oh sen ri p es 


2 


Greene, 1923a 
Cockerell and 




Forel (F) 

Formica haemorrhoidaUs 
Emery (F) 

Camponotiis pennsylvaniciis 


s 


Andrews, 1916 
Knab, 1917 

this study 


\/. cmi^headii Walton 
\/. divcrsipilosiis Curran 
\f . fiil^udis Wiedemann 


(DeGeer) (F) 

1 Camponotiis viciniis Mayr 
(F) 

Camponotiis novaehoracensis 
(Fitch) (F) 

Formica siihniida Emery (F) 
Polycri>iis lucidiis Mayr (F); 


1 

1 

2 


Cole, 1923 
this study 
this study 


A/, fuscipennis ( Macquart) 


slave — Formica schaiifiissi 
Mayr (F) 

Camponotiis ahdominalis 
( Buckley) ( F) 

1 rid omyrm e.\ priiinosit s 


I 


this study 
this study 


A/. oh os us (Fabricius) 


(Roger) (D) 

Tapinoma sessile (Say) (D) 


1 


Greene, 1955; 


)/. laeioUlcs Curran 
\I. liictiis Loew 
M. Umccolatiis Curran 


Formica ar^entea Wheeler (F) 


1 

1 

2 


this study 
Cockerell and 


A/, nuinitohensis Curran 
U. manuoratus Bigot 




2 

I 


Andrews, 1916 
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Table 3. Continued 



Species of Microdon 


Host Ant and Subfamily 


Repro- 

ductive 

Strategy 


Reference 


3/. mc^alo^aster Snow 
A/, new'co/neri Mann 


Formica suhsericea Say (F) 


2 

2 


Greene, 1923b; 
this study 


A/, ocellaris Curran 


Formica schanfussi Mayr (F) 


2 


Ihis sludy 


A/, paiuteri Hull 


Monomorium minimum 
(Buckley) (M) 


1 


this sludy 


A/, piper! Knab 


CatnponoUis viciniis Mayr (F) 
Camponotiis sp. (F) 
Camponotus herciileanus (L.) 
(F) 


2 


Cole, 1923 
this sludy 
this sludy 


A/, ruficrus Williston 


La sins sp. (F) 

Lasiiis alicmis (Foersler) (F) 


2 


this sludy 
this study 


A/, rufipes (Macquarl) 
A/, sciilifer Knab 


PhciUole dentata Mayr (M) 


1 

1 


this study 


A/, iristi.s Loew 
A/, viridis Townsend 


Camponotus pennsylvanicus 
(DeGeer) (F) 

Camponotus novaehoracensis 
(Filch) (F) 


2 

1 


Greene, 1955 
this sludy 


A/. xanthopUis Townsend 


Formica ohscuripes Forel (F) 


s 


Akre el al., 1973 



produce more than one generation a year. Fly larvae consume ant larvae 
and are able to grow and develop quickly. The distribution of species ex- 
hibiting this strategy depends on the distribution of the host ant. This strat- 
egy is common to those species in the south. 

A second strategy is reflected by M. xanthopUis. The adults are larger, 
lay more eggs, and specialize on closely related ant species. The host is 
usually large with populous colonies which can support one hundred or 
' more microdon larvae. Fly development is slow, with only one generation 
I a year. The larval food source is unknown, but probably is not the ant 
I larvae. 

j Notes on other Microdon species. — Table 3 lists the species of Microdon 
found in America north of Mexico. Host records are included. The species 
) taxonomy is that of Thompson (1981), who jointly developed these tables^ 
Details on the new host associations will be found in Thompson ( 1981). The 
microdon species were assigned a reproductive strategy on the basis of the 
available information and our concepts of their phylogenetic relationships. 

I For example, Microdon cdhiconiatiis Novak is assigned to strategy 2 as its 
host is a species of Formica. Microdon ahditiis Thompson is assigned to 
I 
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strategy 1 as this species is closely related to ^lohosiis Fabriciiis, a strategy 
1 species. 
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